A total of five new CuSCN-L compounds with alkyl sulfide ligands, L = methyl sulfide (Me 2 S), ethyl sulfide (Et 2 S), isopropyl sulfide (Pr 
Introduction
Organosulfur ligands occupy an important niche in transition metal chemistry. As soft ligands, they are able to stabilize soft metal ions in low oxidation states. By virtue of their vacant d-orbitals and ancillary lone pairs, such ligands can potentially act either as -donors or -acceptors, depending upon their substituent electron demand. Sulfur ligands readily bridge metal centers, facilitating the formation of oligomers and polymers. Nevertheless, they also tend to solubilize metal salts, in particular Cu(I) salts.
Thus, CuX•Me 2 S (X = Cl, Br, I, and CN) is a convenient carrier of copper(I) salts in organic reactions [1] .
There are many known complexes of CuX with sulfur ligands, including sulfides [2] , thiolates [3] , thioamides [4] , and phosphine sulfides [5] . Their structural types include polymers and networks based on Cu 2 X 2 dimers, Cu 2 X 2 ladders, and (CuX) ∞ polymers and oligomers. In some cases, such as that of CuI with tetrahydrothiophene (THT), many stoichiometries can be realized from the same combination of components [2f] .
In the preceding paper, we described new networks of copper(I) thiocyanate coordinated with aromatic diimine ligands [6] . These fall into categories including 4-coordinate Cu and 3-coordinate Cu (CuSCN) ∞ chains, [Cu 2 S(SCN) 2 ] ∞ ladders, and (CuSCN) ∞ sheets. Surprisingly, there have as yet been no reports of simple alkyl sulfide complexes of CuSCN. The only related structure we uncovered was that of (CuSCN) 2 (1,10-dithia-18-crown-6) [7] . In this complex the bis-sulfide ligand bridges [Cu 2 (SCN) 2 ] ∞ ladders, forming a sheet network. Only the sulfur atoms in the crown ether/thioether molecule coordinate to Cu(I); the harder oxygen atoms fail to interact with the soft Cu(I). Herein we present the synthesis of five new CuSCN-L compounds, containing the aliphatic sulfides L = Me 2 S, Et 2 S, Pr i 2 S, and THT. Four new crystal structures, falling in CuSCN chain and ladder categories, were solved and are discussed.
Experimental

Materials and Methods.
All reagents were purchased from Aldrich or Acros and used without purification. Commercial CuSCN (Aldrich) was shown by FTIR to consist solely of the -phase [8] . IR spectra were collected on a Shimadzu IRTracer-100 instrument using a diamond ATR probe (spectra shown in Supporting Information). Analyses for C, H, and N proved impossible for the compounds described herein due to high ligand lability. Atomic absorption (AAS) analyses for Cu were carried out using a Perkin-Elmer AAnalyst 700 as previously described [9] . Thermogravimetric analyses (TGA) were conducted using a TA Instruments Q500 in the dynamic (variable temp.) 
Crystallizations
Single crystals were grown using several techniques. Once removed from mother liquor, all crystals were immediately placed into Paratone N oil and then mounted under a stream of dry air at 100 K. Crystals of 1a were grown as described above, resulting in colorless blocks. For 2, 80 mg of CuSCN were stirred in 2 mL of Et 2 S for 1 h. The vial was then left uncapped and undisturbed in a fume hood.
Overnight evaporation of excess Et 2 S left colorless blades of 2. For 3 and 4, 119 mg of CuSCN were stirred with 4 mL of neat THT, and 117 mg of CuSCN were stirred with 4 mL of neat Pr under Ar in an oil bath at 70 °C for 3 d. CuSCN dissolved completely in THT in this procedure. The vial was allowed to cool to room temp before being placed in a freezer. Colorless plates of 4 grew over 3 d.
Although the Pr i 2 S compound never fully dissolved in the neat ligand, long colorless needles of 3 suitable for diffraction grew as the vial was left to cool at room temp.
X-ray data collection, structure solutions and refinements
All X-ray measurements were made using graphite-monochromated Cu Kα radiation on a Bruker-AXS three-circle diffractometer, equipped with a SMART Apex II CCD detector. Crystals of 2 and 4 underwent destructive phase changes at reduced temperatures, even as high as 250 K. Data for 2 and 4
were collected at room temperature (298 K). Data for 1a and 3 were collected at 100 K. Initial space group determination was based on a matrix consisting of 120 frames. The data were corrected for Lorentz and polarization [10] effects and absorption using SADABS [11] . The structures were solved using intrinsic phasing methods. Structure solution, refinement and the calculation of derived results were performed using the SHELXTL [12] package of software and ShelXle [13] . Non-hydrogen atoms were refined anisotropically. Hydrogen atoms were placed in theoretical positions.
Powder diffraction analysis was carried out on the instrument described above. Samples were rapidly ground and prepared as mulls using Paratone N oil. Four 180 s frames were collected, covering 8-100º 2. Frames were merged using the SMART Apex II software [14] and were further processed using DIFFRAC.EVA software [15] .
Results and Discussion
Synthesis and characterization
Copper(I) thiocyanate complexes with dialkyl sulfide ligands were generated easily via None of the five compounds prepared herein was thermally stable. Instead, each compound steadily lost ligand at ambient temperature over the course of hours. This was apparent upon examination of TGA data collected on samples after relatively short and longer drying times. Thermal decomposition 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 is expected to cause quantitative removal of organic ligand from CuSCN-L complexes. The complexes air-dried for no more than five minutes showed ligand loss plateaus by TGA that corresponded to the theoretical mass of CuSCN (see Figure S1 ). The sulfide ligands were removed between ambient temperature and 135 °C, leaving CuSCN, which itself decomposed around 400-450 °C. However, samples dried for longer periods or under vacuum showed plateaus after ligand loss that indicated elevated CuSCN content. The alkyl sulfide-CuSCN compounds proved to be stable in sealed vials at -5 °C for a period of days to weeks. The instability the alkyl sulfide products reported herein are likely to be the result of excess electron donation at the Cu(I) center.
Description of X-Ray Structures
A total of four crystal structures were solved during the course of this study. The resulting structures fall into two recognized categories: 1-D chains and 1-D ladders. All of the alkyl sulfide compounds were found to behave as monodentate capping ligands, precluding the formation of multidimensional networks. This was a surprising finding given the propensity of alkyl sulfide ligands to bridge in complexes of CuCl, CuBr, CuI, and CuCN [2] . Crystallographic data are summarized in Table   1 . Selected bond lengths and angles are given in Table S1 . Figure 4 . This compound displays the same ladder networking as was seen with 2. Unlike 2, the crystal did not undergo a destructive phase change at reduced temperatures, and the ligand molecules were not disordered. Some important structural differences between 2 and 3 are apparent when examining the Cu 2 S 2 dimers. The ladders in 3, which propagate along the a-axis are all aligned, unlike those in 2. In 3, the dimer Cu … Cu = 3.1662(5) Å, with a corresponding dimer Cu-S-Cu angle of 81.08(2)°. This trend of increasing Cu-S-Cu angle with increasing Cu … Cu has been noted in other CuSCN ladder compounds and in (CuI) 2 Qox, which contains both long and short Cu … Cu [6, 9, 16] . As was the case in 1a and 2, bond distances between the copper and thiocyanate sulfur atoms (2.4816 (6) 
Conclusions
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